Abstract-This paper presents a numerical method for the approximate solution of mthorder linear delay difference equations with variable coefficients under the mixed conditions in terms of Laguerre polynomials. The aim of this article is to present an efficient numerical procedure for solving mth-order linear delay difference equations with variable coefficients. Our method depends mainly on a Laguerre series expansion approach. This method transforms linear delay difference equations and the given conditions into matrix equation which corresponds to a system of linear algebraic equation. The reliability and efficiency of the proposed scheme are demonstrated by some numerical experiments and performed on the computer algebraic system Maple.
1.INTRODUCTION
Orthogonal polynomials occur often as solutions of mathematical and physical problems. They play an important role in the study of wave mechanics, heat conduction, electromagnetic theory, quantum mechanics and mathematical statistics. They provide a natural way to solve, expand, and interpret solutions to many types of important delay difference equations. Representation of a smooth function in terms of a series expansion using orthogonal polynomials is a fundamental concept in approximation theory, and forms the basis of spectral methods of solution of delay difference equations. Laguerre polynomials ) (x L n constitute complete orthogonal sets of functions on the semi-infinite interval ) , 0 [  . In this paper, we are concerned with the use of Laguerre polynomials to solve delay difference equations. In recent years, the studies of difference equations, i.e. equations containing shifts of the unknown function are developed very rapidly and intensively. It is well known that linear delay difference equations have been considered by many authors [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The past couple decades have seen a dramatic increase in the application of delay models to problems in biology, physics and engineering [12] [13] [14] [15] . In the field of delay difference equation the computation of its solution has been a great challenge and has been of great importance due to the versatility of such equations in the mathematical modeling of processes in various application fields, where they provide the best simulation of observed phenomena and hence the numerical approximation of such equations has been growing more and more. Based on the obtained method, we shall give sufficient approximate solution of the linear delay difference Eq.(1). The results can extend and improve the recent works. An example is given to demonstrate the effectiveness of the results.In recent years, Taylor and Chebyshev approximation methods have been given to find polynomial solutions of differential equations by Sezer et al. [16] [17] [18] [19] [20] [21] [22] .
In this study, the basic ideas of the above studies are developed and applied to the mthorder linear delay difference equation ( which contains only positive shift in the unknown function) with variable coefficients [23,p.228 
under the initial conditions 
where ) (t L n denotes the Laguerre polynomials, ) 0 ( N n a n   are unknown Laguerre polynomial coefficients, and N is chosen any positive integer such that m N  . The rest of this paper is organized as follows. We describe the formulation of Laguerre polynomials required for our subsequent development in section 2. Higher-order linear delay difference equation with variable coefficients and fundamental relations are presented in Section 3. The new scheme are based on Laguerre collocation method. The method of finding approximate solution is described in Section 4. To support our findings, we present result of numerical experiments in Section 5. Section 6 concludes this article with a brief summary. Finally some references are introduced at the end.
PROPERTIES OF THE LAGUERRE POLYNOMIALS
by transformations t=b-s and t=s+a, respectively. We consider , n=0,1,2,… where the Laguerre polynomial of order n is defined by
That is
Explicit expressions for the first few Laguerre polynomials are
are solutions of the Laguerre differential equation [24] (6) In the present application, an approximate solution in terms of linear combination of Laguerre polynomial is assumed of the following form:
FUNDAMENTAL RELATIONS

General fundamentals
Let us consider the mth-order linear delay difference equation with variable coefficients (1) and find the matrix forms of each term in the equation. First we can convert the solution ) (t y defined by a truncated Laguerre series (3) to matrix forms
By using the expression (8) we find the corresponding matrix relation as follows
Then, by taking into account(10) we obtain
in terms of the matrix ) (t X , we can use the following relation:
where
Consequently, by substituting the matrix form (10) into (7), we have the matrix relation
and by means of (15), the matrix relation
Method of solutions
In this section, we consider high order linear delay difference equation in(1) and approximate to solution by means of finite Laguerre series defined in (3).The aim is to find Laguerre coefficients, that is the matrix A. For this purpose, substituting the matrix relations (18) into Eq. (1) and then simplifying, we obtain the fundamental matrix equation
By using in Eq. (19) collocation points i t defined by
we get the system of matrix equations
or briefly the fundamental matrix equation
where Hence, the fundamental matrix equation (22) corresponding to Eq. (1) can be written in the form
Here, Eq. (23) . We can obtain the corresponding matrix forms for the conditions (2), by means of the relation (7),
On the other hand, the matrix form for conditions can be written as 
, when N is sufficiently large enough, then the error decreases.
ILLUSTRATIVE EXAMPLE
In this section, several numerical examples are given to illustrate the accuracy and effectiveness properties of the method and all of them were performed on the computer using a program written in Maple9. The absolute errors in Tables are the values where the matrices are defined by [24] . If these matrices are substituted in (22) , it is obtained linear algebraic system.This system yields the approximate solution of the problem. We display a plot of absolute difference exact and approximate solutions in Fig.1 and error functions for various N is shown in Fig.2 Example2. Let us find the Laguerre series solution of the following linear delay difference equation
.The exact solution of this problem is ) sin(t y  . Using the procedure in Section 3 and taking N=7,8 and 9 the matrices in Eq. (22) are computed. Hence linear algebraic system is gained. This system is approximately solved using the Maple9. We display a plot of absolute difference exact and approximate solutions in Fig.3 and error functions for various N is shown in Fig.4 Example3. Consider another linear delay difference equation
We follow the same procedure as in Section 3 to find the solution of delay difference equation with the conditions
. The exact solution of the problem is given by 1   t t y . For numerical results, see Table 3 . We display a plot of absolute difference exact and approximate solution in Fig.5 and error functions for various N is shown in Fig.6 . This plot clearly indicates that when we increase truncation limit N, we have less error. and following the procedure given in Section 3. The comparision of the solutions given above with the exact solution of the problem is given in Table4. We plot the approximate solutions by this method and the exact solution in Fig.7 and the error functions in Fig.8 . Example5. Let us find the Laguerre series solution of fourth order linear delay difference equation
. Using the procedure in Section 4, we find the approximate solution of this equation which is the same with the exact solution. applicability of the technique, and performed on the computer using a program written in Maple9. To get the best approximating solution of the equation, we take more forms from the Laguerre expansion of functions, that is , the truncation limit N must be chosen large enough. In addition, an interesting feature of this method is to find the analytical solutions if the equation has an exact solution that is a polynomial functions. Illustrative examples with the satisfactory results are used to demonstrate the application of this method. Suggested approximations make this method very attractive and contributed to the good agreement between approximate and exact values in the numerical example. As a result, the power of the employed method is confirmed. We assured the correctness of the obtained solutions by putting them back into the original equation with the aid of Maple, it provides an extra measure of confidence in the results. We predict that the Laguerre expansion method will be a promising method for investigating exact analytic solutions to linear delay difference equations.The method can also be extended to the system of linear delay difference equations with variable coefficients, but some modifications are required.
CONCLUSION
